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MULTIPLE SWITCHABLE INPUT LNA 
WITH INPUT IMPEDANCE CONTROL 

FIELD OF THE INVENTION 

This invention relates to ampli?er circuitry particularly 
but not exclusively intended for use in selective connection 
to either of tWo (or more) antennas feeding a radio receiver. 

BACKGROUND OF THE INVENTION 

In cellular Wireless communications large cells are often 
sectored to increase cell capacity. Typically, three 120° 
sector antennas are used to cover one cell and a receiver is 
sWitched betWeen the three sector antennas. 

Another application Which involves switching a receiver 
betWeen tWo or more antennas is space diversity Which is 
used to reduce the effect of multipath fading in radio 
receivers. By using tWo antennas placed an adequate dis 
tance apart, a receiver can be made such that it selects the 
one With the strongest signal, thereby giving an overall 
improvement in reception. 

FIG. 1(a) shoWs the basic concept in Which a sWitch 
selectively connects a loW noise ampli?er (LNA) forming 
part of the receiver to one or other of tWo antennas. This 
arrangement, hoWever, is generally not practical since the 
sWitch Will have some insertion loss Which Will degrade the 
receiver’s sensitivity to Weak signals. FIG. 1(b) shoWs the 
common topology With the sWitch moved farther doWn the 
receiver chain for greater sensitivity. In this case tWo LNAs 
are connected betWeen the respective antennas and the 
sWitch such that, in effect, the sWitch selects the output of 
one or other of the LNA’s. Aproblem With this arrangement 
is that, as both LNA’s are running continuously, it requires 
tWice the current and is more complicated because it 
requires additional output sWitch circuitry. 

The problem of high current requirement is overcome in 
a device marketed under the part number TQ9203 by 
Triquint Semiconductor, Inc. as described in the Triquint 
data sheet entitled “LoW-Current RFIC DoWnconverter” and 
dated Apr. 21, 1994. This device is a multifunction RF 
doWnconverter in Which an LNA section comprises tWo 
parallel connected common source FET (?eld effect 
transistor) ampli?ers each having an input connected to a 
respective antenna and a common output. A “Select” or 
“Control” terminal controls a bias circuit connected directly 
to the gates of the tWo transistors such that, When a control 
signal indicative of a stronger reception signal on one 
antenna is applied, the transistor connected to the one 
antenna is sWitched on and the other transistor is sWitched 
off and, When the control signal has a value indicative of a 
stronger signal on the other antenna, the transistors are 
sWitched to the opposite state. In this Way the stronger 
antenna signal is conducted to the common output. 
One problem With the Triquint device is that it has a 

relatively high gain variation With temperature. In addition 
it is designed only for operation in the range 800 to 1000 
MHZ and Would not Work at loW frequency because of AC 
coupled inputs. 
A device Which overcomes the above-mentioned disad 

vantages of the prior art devices is disclosed in US. patent 
application Ser. No. 08/822,460 ?led on Mar. 21, 1997 in the 
name of Tiller et al and assigned to the assignee of the 
present application. The disclosure of US. patent applica 
tion Ser. No. 08/822,460 is incorporated herein by reference. 

In a particular embodiment described in the Tiller et al 
application three antennas are respectively connected to 
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2 
three amplifying transistors Which have a common output 
and three control inputs are connected respectively to three 
sWitching transistors. When a particular one of the control 
inputs receives a control voltage indicating that the associ 
ated antenna is to be selected, the respective sWitching 
transistors turns on such that current ?oWs in the corre 
sponding amplifying transistor. This circuit uses for each 
amplifying transistor a bias feedback circuit Which includes 
resistors in series With the sWitching transistor. 

Apotential draWback of the Tiller et al device is that those 
antennas Which are not selected are simply disabled and are 
not terminated into a ?Xed resistance. The effect of this is 
that a poor return loss is associated With the disabled antenna 
inputs. Because radio base station transceivers are required 
to be terminated to 50 ohms this means that the Tiller et al 
device cannot be used in base stations having such require 
ments Without modi?cation. 

SUMMARY OF THE INVENTION 

It is an object of the invention to provide a device Which 
improves over the prior art in the same Way as the Tiller et 
al device and Which, in addition, meets the termination 
return loss requirements of base station applications. 

According to a ?rst broad aspect, the present invention 
provides an ampli?er circuit comprising: an amplifying 
transistor having an input electrode, an output electrode and 
a common electrode; a signal input connected to the input 
electrode of the amplifying transistor; a signal output con 
nected to the output electrode of the amplifying transistor; a 
?rst bias circuit connected betWeen a ?rst DC biasing input 
and the input electrode of the amplifying transistor; a second 
bias circuit connected betWeen a second DC biasing input 
and the input electrode of the amplifying transistor, the 
second bias circuit including a sWitching transistor sWitched 
on and off by a DC control input thereby to sWitch the 
amplifying transistor on and off; a PIN diode connected to 
the signal input and a resistor connected in series With the 
diode, the diode and resistor connected in shunt With the 
second bias circuit, Whereby When the DC control input 
causes the amplifying transistor to be on the diode is reverse 
biased and When the DC control input causes the amplifying 
transistor to be off the diode is forWard biased thereby 
supplying the resistance of the resistor to the signal input. 

According to a second broad aspect, the present invention 
provides an ampli?er circuit comprising: a ?rst amplifying 
transistor having an input electrode, an output electrode and 
a common electrode; a ?rst signal input connected to the 
input electrode of the ?rst amplifying transistor; a second 
amplifying transistor having an input electrode, an output 
electrode and a common electrode; a second signal input 
connected to the input electrode of the second amplifying 
transistor; a common signal output connected to the output 
electrodes of the ?rst and second transistors; a ?rst bias 
circuit connected betWeen a ?rst DC biasing input and the 
input electrode of the ?rst amplifying transistor; a second 
bias circuit connected betWeen the ?rst DC biasing input and 
the input electrode of the second amplifying transistor; a 
third bias circuit connected betWeen a second Dc biasing 
input and the input electrode of the ?rst amplifying transis 
tor; a fourth bias circuit connected betWeen the second DC 
biasing input and the input electrode of the second ampli 
fying transistor; the third bias circuit including a ?rst sWitch 
ing transistor sWitched on and off by a ?rst DC control input 
and the fourth bias circuit including a second sWitching 
transistor sWitched on and off by a second DC control input; 
a ?rst diode connected to the ?rst signal input and a ?rst 
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resistor connected in series With the ?rst diode, the ?rst 
diode and ?rst resistor connected in shunt With the third bias 
circuit, Whereby When the ?rst DC control input causes the 
?rst amplifying transistor to be on the ?rst diode is reverse 
biased and When the ?rst DC control input causes the ?rst 
amplifying transistor to be off the ?rst diode is forWard 
biased thereby supplying the resistance of the ?rst resistor to 
the ?rst signal input; and a second diode connected to the 
second signal input and a second resistor connected in series 
With the second diode, the second diode and second resistor 
connected in shunt With the fourth bias circuit, Whereby 
When the second DC control input causes the second ampli 
fying transistor to be on the second diode is reverse biased 
and When the second DC control input causes the second 
amplifying transistor to be off the second diode is reverse 
biased thereby supplying the resistance of the second resis 
tor to the second signal input. 

The diode as in the ?rst broad aspect or both diodes as in 
the second broad aspect are preferably PIN diodes. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Preferred embodiments of this invention Will noW be 
described With reference to the attached draWings in Which: 

FIG. 1(a) is a block diagram illustrating an antenna 
diversity receiver front end according to a ?rst prior art 
embodiment; 

FIG. 1(b) is a block diagram illustrating an antenna 
diversity receiver front end according to a second prior art 
embodiment; 

FIG. 2 is a schematic diagram illustrating a triple LNA 
according to one embodiment of the present invention; and 

FIG. 3 is a schematic diagram illustrating a triple LNA 
according to another embodiment of the present invention. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

Referring to FIG. 2, a triple LNA circuit is illustrated in 
Which Q1, Q2 and Q3 are single transistor LNA stages 
sharing output matching inductor L1 and capacitor C2. 
Three antenna signal inputs IN1, IN2, IN3 are connected 
respectively from three antennas to the three transistor LNA 
stages and there is a single output node, OUT. To determine 
Which of the three inputs is selected three control inputs 
CNTL1, CNTL2 and CNTL3 are respectively connected 
into the three LNA stages. 

The components and interconnections used in each LNA 
stage are substantially identical and, accordingly, only those 
associated With the ?rst LNA stage Will be described in 
detail. The ?rst LNA stage comprises a bipolar common 
emitter NPN transistor Q1. Apositive bias voltage (typically 
+10 volts) source VCC is connected through a resistor R3, 
a resistor R2 and a resistor R18 to the base of transistor Q1. 
A resistor R1 is connected betWeen the base and the emitter 
of transistor Q1 and a resistor R4 is connected betWeen the 
collector of transistor Q1 and output node OUT through 
matching capacitor C2. The junction of resistors R2 and R3 
is connected to one end of an inductor L1 the other end of 
Which is connected to the junction of resistor R4 and 
capacitor C2. A capacitor C3 is provided betWeen the 
junction of resistors R3 and R2 and ground. 

The ?rst LNA stage includes a complementary (PNP) 
sWitching transistor Q4 the emitter of Which is connected 
through a resistor R16 to the base of transistor Q1. A 
negative bias voltage (typically —5 volts) source VEE is 
connected to the collector of transistor Q4 and control input 
CNTL1 is connected to the base of transistor Q4. 
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4 
Input IN1 from the ?rst antenna is connected through a 

capacitor C1 to the cathode of a PIN diode P1 the anode of 
Which is connected through a 50 ohm resistor R13 to ground. 
A capacitor C9 is connected betWeen the junction of diode 
P1 and resistor R13 to ground. Amatching circuit comprises 
an inductor L2 connected betWeen capacitor Cl and the base 
of transistor Q1 and a capacitor C4 connected betWeen the 
junction of capacitor C1 and inductor L2 and ground. 

In operation, if the control signal CNTL1 is similar in 
value to the positive supply voltage VCC, sWitching tran 
sistor O4 is biased off. When sWitching transistor O4 is off 
resistors R3, R2, R1 and R18 provide a constant forWard 
bias current to transistor Q1 causing transistor O1 to be 
biased on and amplify the antenna signal IN1 and pass the 
ampli?ed signal to the OUT node. In this forWard biased 
con?guration the base voltage of transistor O1 is betWeen 
+0.7 and +0.8 volts. With +0.7 to +0.8 volts acting on the 
cathode of diode P1 the diode is reverse biased. In this mode 
the diode P1 has a capacitance of the order of about 0.2 pF. 
With a slight adjustment in the shunt matching capacitor C4, 
the effect of the diode is negligible in this mode. 

If the control signal CNTL1 goes to a negative value such 
that sWitching transistor Q4 turns on, the amplifying tran 
sistor Q1 turns off. The bias resistors R3, R2, R1 and R18 
along With the collector resistor R16 of transistor Q4 voltage 
divide sources VCC and VEE. These resistors can be 
selected such that the voltage on the base Will forWard bias 
the PIN diode P1 to 1 mA. The diode P1 may be an HP 
HSMP3820 diode available from HeWlett Packard Which 
has a resistance of 1 ohm in this mode. Thus, the total 
resistance seen by the input IN1 When disabled is essentially 
the resistance of resistor R13 Which is chosen as 50 ohm. 
Capacitor C9 is used to resonate out the reactance of the 
matching elements C4 and L2. 

To summariZe the effect of the shunt biased sWitch Q4, 
When transistor O4 is sWitched off by the voltage on CNTL1 
this does not affect the stabiliZed self bias of the amplifying 
transistor Q1 Which is sWitched on. When transistor O4 is 
sWitched on by the voltage on CNTL1, voltage division 
betWeen the bias resistors and the neWly connected negative 
voltage VEE results in a negative voltage on the base of 
transistor Q1 sWitching it off. The reversal in bias on 
transistor Q1 causes the PIN to be forWard biased to apply 
substantially a 50 ohm load to the disabled input IN1. Thus, 
a separate bias circuit for the PIN diode P1 is unnecessary. 

The tWo other stages operate in eXactly the same Way as 
that of Q1. For the folloWing discussion on stability note that 
resistors R7 and R11 connected to the collectors of ampli 
fying transistors Q2 and Q3 correspond to resistor R4 of 
amplifying transistor Q1. Also, resistors R19 and R20 cor 
respond exactly to resistor R18 eXcept that they are respec 
tively connected to transistors Q2 and Q3. 

In FIG. 2, resistors R4, R7 and R11 are provided for high 
frequency stability. LoW frequency stability is provided by 
a feedback circuit comprising an inductor L5 having one end 
connected to the junction of resistors R4, R7, R11 and output 
capacitor C2 and having the other end connected to resistors 
R18, R19 and R20 through respective capacitors C12, C13 
and C14. 

FIG. 2 does indicate suggested values for the various 
components but these are to be considered as a guide only. 

It is noted that capacitor C9 may be an inductor or any 
combination of inductor and capacitor as appropriate to 
resonate out the effect of the matching elements. 

FIG. 3 illustrates an embodiment of the invention using 
enhancement mode MESFET’s as the amplifying 
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transistors, i.e., MESFET’s F1, F2 and F3 replace bipolar 
junction transistors Q1, Q2 and Q3 respectively. Because the 
pinch-off voltage of a MESFET can vary Widely from device 
to device the biasing circuitry has to be modi?ed. More 
particularly, it can be seen by comparing FIGS. 2 and 3 that, 
in addition to the replacement of Q1, Q2 and Q3 With 
MESFET’s F1, F2 and F3 the main difference is the addition 
of NPN transistor Q7. This transistor has its emitter con 
nected through the resistor R3 to the positive voltage source 
VCC, its base connected through a resistor R21 to source 
VCC and connected through a resistor R22 to the negative 
voltage source VEE and its collector connected to the gates 
of the three enhancement mode MESFETS F1, F2, F3, 
respectively through resistors R2, R6 and R9. The circuit of 
FIG. 3 is in other respects essentially identical to the circuit 
of FIG. 2 and like components bear like references. 

Transistor Q7 is forWard biased by resistors R21 and R22 
and normally biases one of the FETS F1, F2 or F3 on 
providing the associated sWitching transistor Q4, Q5 or Q6 
is off. Because the DC current required to bias an FET on is 
small, R2, R6 and R9 can be large and the current required 
by transistor Q7 is small. The value of R3 is therefore 
determined mainly by the MESFET drain to source current. 
When the control signal CNTL1 is negative such that 

transistor Q4 turns on, the resistors R2 and R16 voltage 
divide the collector voltage VGC of transistor Q7 and 
voltage source VEE to provide a negative gate voltage at 
FET F1 causing it to be off. The voltage VGC is set by the 
gate voltage requirement to sWitch on FET F1. As With the 
circuit of FIG. 2 this negative voltage forWard biases the PIN 
diode P1 to provide the 50 ohm resistance of resistor R13 as 
the resistance seen by input IN1 When disabled. 
When the control signal CNTL1 is positive such that 

transistor Q4 turns off, the FET F1 is biased on by the 
positive bias voltage provided to the gate of FET F1. The 
circuit draWn through the resistor R3 by FET F1 causes the 
voltage at the emitter of transistor Q7 to drop. Once the 
emitter base voltage on transistor Q7 drops to about 0.7V, 
conduction of transistor Q7 decreases and the gate voltage 
on FET F1 drops. 

Hence the gate voltage of FET F1 is set by resistor R3 for 
a constant drain/source current. The gate voltage required 
for a speci?c drain/source current is a function of pinch off 
voltage. As mentioned above, pinch off voltage may vary 
Widely from one device to the neXt but the collector voltage 
of transistor Q7 Will adapt itself to satisfy the 0.7V base/ 
emitter voltage Which in turn is set by the drain/source 
current of FET X9. Thus, transistor Q7 as Well as resistors 
R3, R21, R22 and R2 set the active bias current of FET F1 
independent of the device characteristics of FET F1. 
As With the circuit of FIG. 2, the positive bias voltage 

(applied to the gate of FET F1) reverse biases the PIN diode 
P1 such that, When input IN1 is enabled, the resistance of 
resistor R13 is not seen at input IN1. 

It is noted that the invention may be practised other than 
as particularly described With reference to the preferred 
embodiments. For example, although a PIN diode is pre 
ferred for diode P1 because of its particular characteristics, 
other diodes such as a Schottky diode may be used in the 
invention but are not eXpected to be as effective because of 
non-linear response. More particularly, a PIN diode has a 
very long carrier life time. When the diode is on, an RF 
signal Will not be able to affect the operation of the diode. 
In contrast, a Schottky diode can be turned on and off by RF 
and microWave signals. Thus, When a PIN diode is on it 
looks like a resistor and When it is in the off state a large 
reverse voltage Will prevent the diode from being biased on 
by an RF signal. Operation of a PIN diode in a sWitching 
con?guration can therefore, be made very linear. 
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In addition, although the preferred embodiment illustrated 

in FIG. 1 uses PNP sWitching transistors and NPN ampli 
fying transistors, these could be sWapped around or both 
could be PNP or NPN With appropriate changes in biasing. 
HoWever, it is noted that PNP transistors are not good 
ampli?ers at RF and so the use of NPN amplifying transis 
tors is preferred. 

Further, the active bias arrangement involving the use of 
transistor Q7 could be used With the bipolar circuitry of FIG. 
2 With proper choice of component values. This active bias 
is less sensitive in temperature and device current gain than 
the passive bias arrangement shoWn in FIG. 2. 

Finally, although the FET’s in FIG. 3 are preferably 
enhancement mode MESFET’s, other types of FET’s such 
as MOSFET’s could be used With suitable biasing. 

I claim: 
1. An ampli?er circuit comprising: 
an amplifying transistor having an input electrode, an 

output electrode and a common electrode; 
a signal input connected to the input electrode of the 

amplifying transistor; 
a signal output connected to the output electrode of the 

amplifying transistor; 
a ?rst bias circuit connected betWeen a ?rst DC biasing 

input and the input electrode of the amplifying transis 
tor; 

a second bias circuit connected betWeen a second DC 
biasing input and the input electrode of the amplifying 
transistor, the second bias circuit including a sWitching 
transistor sWitched on and off by a DC control input 
thereby to sWitch the amplifying transistor on and off; 

a diode connected to the signal input and a resistor 
connected in series With the diode, the diode and 
resistor connected in shunt With the second bias circuit, 
Whereby When the DC control input causes the ampli 
fying transistor to be on the diode is reverse biased and 
When the DC control input causes the amplifying 
transistor to be off the diode is forWard biased thereby 
supplying the resistance of the resistor to the signal 
input. 

2. An ampli?er circuit according to claim 1, Wherein the 
diode is a PIN diode. 

3. An ampli?er circuit according to claim 1, Wherein the 
amplifying transistor and the sWitching transistor are 
complementary bipolar transistors. 

4. An ampli?er circuit according to claim 2, Wherein the 
amplifying transistor and the sWitching transistor are 
complementary bipolar transistors. 

5. An ampli?er circuit according to claim 3, Wherein the 
?rst bias circuit comprises bias resistors. 

6. An ampli?er circuit according to claim 4, Wherein the 
?rst bias circuit comprises bias resistors. 

7. An ampli?er circuit according to claim 5, Wherein a 
resistor is connected betWeen the output electrode of the 
amplifying transistor and the signal output for high fre 
quency stability and a feedback circuit is connected from the 
signal output to the input electrode of the amplifying tran 
sistor for loW frequency stability. 

8. An ampli?er circuit according to claim 6, Wherein a 
resistor is connected betWeen the output electrode of the 
amplifying transistor and the signal output for high fre 
quency stability and a feedback circuit is connected from the 
signal output to the input electrode of the amplifying tran 
sistor for loW frequency stability. 

9. An ampli?er circuit according to claim 1, Wherein the 
amplifying transistor is an FET and the sWitching transistor 
is a bipolar transistor. 

10. An ampli?er circuit according to claim 2, Wherein the 
amplifying transistor is an FET and the sWitching transistor 
is a bipolar transistor. 
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11. An ampli?er circuit according to claim 9, wherein the 
?rst bias circuit is an active bias circuit comprising resistors 
and a forWard biased transistor. 

12. An ampli?er circuit according to claim 10, Wherein 
the ?rst bias circuit is an active bias circuit comprising 
resistors and a forWard biased transistor. 

13. An ampli?er circuit according to claim 3, Wherein the 
?rst bias circuit is an active bias circuit comprising resistors 
and a forWard biased transistor. 

14. An ampli?er circuit according to claim 4, Wherein the 
?rst bias circuit is an active bias circuit comprising resistors 
and a forWard biased transistor. 

15. An ampli?er circuit according to claim 1, Wherein a 
matching circuit is connected betWeen the signal input and 
the input electrode of the amplifying transistors and a 
reactance circuit is connected across the shunt resistor to 
resonate out the effect of the matching circuit. 

16. An ampli?er circuit according to claim 2, Wherein a 
matching circuit is connected betWeen the signal input and 
the input electrode of the amplifying transistors and a 
reactance circuit is connected across the shunt resistor to 
resonate out the effect of the matching circuit. 

17. An ampli?er circuit comprising: 
a ?rst amplifying transistor having an input electrode, an 

output electrode and a common electrode; 

a ?rst signal input connected to the input electrode of the 
?rst amplifying transistor; 

a second amplifying transistor having an input electrode, 
an output electrode and a common electrode; 

a second signal input connected to the input electrode of 
the second amplifying transistor; 

a common signal output connected to the output elec 
trodes of the ?rst and second transistors; 

a ?rst bias circuit connected betWeen a ?rst DC biasing 
input and the input electrode of the ?rst amplifying 
transistor; 

a second bias circuit connected betWeen the ?rst DC 
biasing input and the input electrode of the second 
amplifying transistor; 

a third bias circuit connected betWeen a second Dc biasing 
input and the input electrode of the ?rst amplifying 
transistor; 

a fourth bias circuit connected betWeen the second DC 
biasing input and the input electrode of the second 
amplifying transistor; 

the third bias circuit including a ?rst sWitching transistor 
sWitched on and off by a ?rst DC control input and the 
fourth bias circuit including a second sWitching tran 
sistor sWitched on and off by a second DC control 
input; 

a ?rst diode connected to the ?rst signal input and a ?rst 
resistor connected in series With the ?rst diode, the ?rst 
diode and ?rst resistor connected in shunt With the third 
bias circuit, Whereby When the ?rst DC control input 
causes the ?rst amplifying transistor to be on the ?rst 
diode is reverse biased and When the ?rst DC control 
input causes the ?rst amplifying transistor to be off the 
?rst diode is forWard biased thereby supplying the 
resistance of the ?rst resistor to the ?rst signal input; 
and 

a second diode connected to the second signal input and 
a second resistor connected in series With the second 
diode, the second diode and second resistor connected 
in shunt With the fourth bias circuit, Whereby When the 
second DC control input causes the second amplifying 
transistor to be on the second diode is reverse biased 
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and When the second DC control input causes the 
second amplifying transistor to be off the second diode 
is reverse biased thereby supplying the resistance of the 
second resistor to the second signal input. 

18. An ampli?er circuit according to claim 17, Wherein 
the ?rst and second diodes are PIN diodes. 

19. An ampli?er circuit according to claim 17, Wherein 
the ?rst amplifying transistor and the ?rst sWitching tran 
sistor are complementary bipolar transistors and the second 
amplifying transistor and the second sWitching transistor are 
complementary bipolar transistors. 

20. An ampli?er circuit according to claim 18, Wherein 
the ?rst amplifying transistor and the ?rst sWitching tran 
sistor are complementary bipolar transistors and the second 
amplifying transistor and the second sWitching transistor are 
complementary bipolar transistors. 

21. An ampli?er circuit according to claim 17, Wherein 
the ?rst bias circuit comprises bias resistors and the second 
bias circuit comprises bias resistors. 

22. An ampli?er circuit according to claim 18, Wherein 
the ?rst bias circuit comprises bias resistors and the second 
bias circuit comprises bias resistors. 

23. An ampli?er circuit according to claim 17, Wherein 
the ?rst and second amplifying transistors are FETS and the 
?rst and second sWitching transistors are bipolar transistors. 

24. An ampli?er circuit according to claim 18, Wherein 
the ?rst and second amplifying transistors are FETS and the 
?rst and second sWitching transistors are bipolar transistors. 

25. An ampli?er circuit according to claim 23, Wherein 
the ?rst bias circuit is an active bias circuit comprising 
resistors and a forWard biased transistor and the second bias 
circuit is an active bias circuit comprising further resistors 
and the forWard biased transistor. 

26. An ampli?er circuit according to claim 24, wherein 
the ?rst bias circuit is an active bias circuit comprising 
resistors and a forWard biased transistor and the second bias 
circuit is an active bias circuit comprising further resistors 
and the forWard biased transistor. 

27. An ampli?er circuit comprising: 
an NPN transistor having a base, a collector and a 
common emitter; 

a signal input connected through a matching circuit to the 
base of the amplifying transistor; 

a ?rst bias circuit comprising resistors connected betWeen 
a positive DC voltage source and the base of the 
amplifying transistor; 

a second bias circuit connected betWeen a negative QC 
voltage source and the base of the amplifying transistor, 
the second bias circuit including a PNP sWitching 
transistor having a base, a collector and a common 
emitter, the emitter being connected to the negative 
voltage source, the collector being connected through a 
resistor to the base of the amplifying transistor and the 
base being connected to a DC control input thereby to 
sWitch the sWitching transistor selectively on or off 
Which in turn makes the amplifying transistor non 
conducting or conducting, respectively; 

a PIN diode connected to the signal input and a resistor 
connected in series With the PIN diode, the PIN diode 
and resistor connected in shunt With the second bias 
circuit, Whereby When the amplifying transistor is 
conducting the PIN diode is reverse biased and When 
the amplifying transistor is non-conducting the PIN 
diode is forWard biased thereby supply the resistance of 
the resistor to the signal input. 

* * * * * 


